Abstract: Titanium and zirconium 2-((p-tolylamino/p-tolylimino)methyl)phenolate (TAMP and TIMP) were prepared by reaction of Tiand Zr-alcoholates with 2-((ptolylamino)methyl)phenol (TAMPH) and 2-((p-tolylimino)methyl)phenol (TIMPH) in ethyl alcohol. To characterize these compounds, 1 H,
INTRODUCTION
Schiff-bases, carboxylate anions, and their derivatives are useful ligands for the construction of new interesting metal catalysts [1] [2] [3] [4] [5] [6] [7] . Metal alcoholate compounds modified by carboxylates, β-diketonates, and Schiff-bases have attracted much attention as catalysts for ring opening polymerization of oxirane derivatives, lactides, and ε-caprolactone [8] [9] [10] . The chemistry of the compounds of the type Ti-and Zr-(OR) (2-((p-tolylamino/p-tolylimino)methyl)phenolate) in which OR -is a potentially active ligand for polymerization catalysis remains much less studied. Metal Schiff base compounds have used as catalysts for ring opening of ε-caprolactone and propylene oxide. Among those catalysts, some catalysts were low performance of ring-opening polymerization (ROP) of ε-CL and PO. ROP of ε-CL and PO has been gaining attention due to its wide range of applications such as production of nonionic surfactants, packaging materials, adhesives, plastics, and coating materials [10] [11] [12] [13] .
Therefore, it is important to synthesize new compounds containing single-site alcoholate group which is active in polymerization reactions. A major interest of this study is to synthesize and characterize zirconium and titanium catalysts containing both an active group of alcoholate and ligands (TAMP and TIMP) with nitrogen and oxygen as donor atoms. The second interest of this study is to compare the reactivity of ligands (TAMP and TIMP) against to metal alcoholates.
Finally, seeing their catalytic activity over ring opening of PO and ε-CL in mild reaction conditions was also one of the interests of this study.
EXPERIMENTAL

Materials and instrumentation
Tetraisopropyl orthotitanate (98%, Merck), tetrapropyl zirconate (70% in propyl alcohol, Fluka), tetrabutyl zirconate (80% in tert-butanol, Fluka), salicylaldehyde (Sigma-Aldrich), ptoluidine (99%, Merck), sodium borohydride (98%, Merck), propylene oxide (99%, Alfa Aesar), ε-caprolactone (97%, Sigma-Aldrich), and tetrahydrofuran (THF) (99.9%, Merck) were used as received. n-Butyl alcohol (99%, Merck), n-propyl alcohol (99%, Sigma-Aldrich), chloroform (99.8%, Sigma-Aldrich) and isopropyl alcohol (99.5%, Merck) were dried over activated 4A° molecular sieves before use. All syntheses were carried out in closed vessels under ambient atmosphere. TAMPH and TIMPH were prepared as in literatures [14, 15] . 
LC-MS/MS and Waters SYNAPT MS (HRMS, TOF/MS). Electrospray ionization (ESI ±) method
was used in both mass spectrometers to produce ions. Gel permeation chromatography measurements (GPC) were carried out on a Shimadzu prominence GPC system including RID-10A refractive index detector, a LC-20AD solvent delivery unit, and two PSS SDV columns (50 and 1000 A°). The GPC was eluted with THF at 30 °C running at 1.0 mL/min and was calibrated using few polystyrene standards (162 -34300 Da).
Preparation of TIMPH (p-MeC6H4)N=CH(C6H4-2-OH) (1)
p-Toluidine (6.90 g, 0.064 mol) was added to the stirring solution of salicyl aldehyde (7.98 g, 0.064 mol) in ethanol (50 mL), which was let to react for 3 h at reflux temperature. After that, the solution was cooled to room temperature and an orange solid was formed. 
Preparation of TAMPH (p-MeC6H4)NHCH2(C6H4-2-OH) (2)
The reaction of salicylaldehyde with p-methylaniline yielded 2-((tolylimino)methyl)phenol. 
PPO and PCL prepared with (TAMP)3Ti2(O i Pr)O2 (9)
The TAMP-Ti catalyst (40 mg) was taken in a vial and 1.5 mL of PO was added under nitrogen.
The mixture was stirred at different temperatures and times as seen in [16, 17] . FTIR spectrum of free 2-((p-tolylamino)methyl)phenol exhibited bands at ~3416 and 3261 cm -1 corresponding to stretching vibrations of the OH and NH groups, respectively [6, 14] . After coordination of TAMP ligand to metal alcoholate, the broad OH band at ~3416 cm -1 disappeared and the NH band appeared at slightly different region. These FTIR measurements
RESULTS and DISCUSSION
Reactions of M(OR)m (M-OR
showed that the formations of metal compounds were stabilized by coordination of the phenoxido ligand and the amine functionality. TIMP ligand was also coordinated to metal centers by forming phenoxido-imino derivatives. A strong band is observed at ~1578 cm -1 for C=N group in the FTIR spectra of TIMPH ligand. Coordination of nitrogen to the metals, the C=N band is shifted to the lower value (1570-1540 cm -1 ) in the FTIR spectra. The shifting of this group to lower value in the metal compounds suggests the coordination of metal ion through nitrogen atom of C=N group. It is expected that coordination of nitrogen to the metal atom reduces the electron density in the C=N bond and lowers the value of C=N frequency [6, 20] . The phenolic C-O stretch appears at ~1282 cm -1 in free ligand, whereas it appears at 1312-1308 cm -1 in the compounds. This is a sign of bonding through phenolic oxygen. These observations are consistent with literature data [ 6, 20] . This can be attributed to the strong hygroscopic properties of metal-imine compounds. As written in the experimental section, all reactions (3-8) were conducted in atmospheric conditions instead of inert conditions (Ar, N2). It was one of the purposes of this study to reduce the number of alcoholate groups of metal alcoholates to form single site catalysts for polymerization reactions. Therefore, some of the alcoholate groups underwent condensation reactions to form oxo groups in the presence of TAMPH and TIMPH ligands under atmospheric conditions. The presence of moisture was necessary to form oxo groups from metal alcoholates. The resulted oxo groups were bridged between metal atoms. This was the expected results as seen in literature data [24, 25] . The number of oxo groups determined by both elemental analysis and 1 H NMR measurements. C NMR data for PPO [16] and PCL polymers [17] . 1 H and 13 C NMR spectra illustrated that main changes occurred at the CH and CH2 protons of oxirane ring when PO was polymerized. For instance, there were shifts from 2.4-2.9 ppm to 3.4-3.7 ppm for the CH2 and CH protons of PO. The maximum recovery rate of polymer and the maximum polymerization velocities of PO occurred at 75 °C for Ti catalyst.
The conversion of monomer PO and ε-CL to polymers was followed by GPC measurements.
GPC was used to determine molecular weight of polymers. Changing the reaction time and temperature caused to obtained different weight average molecular weights (Mw) or number average molecular weights (Mn) polymers (Table 1) . For polymers of PO prepared with TAMPTi stirring at 25 °C for 3 days, the main peak appeared at 2070 Da for Mw or 1912 Da for Mn.
The ratio of Mw/Mn was 1.08. When the temperature was increased from 25 to 75 °C, the conversions of monomers to polymers increased from 28.6% to 100% and also molecular weight of polymer increased for titanium catalyst ( Figure 6 ). However, as can be seen in Figure   6 , the GPC chromatogram of the PO polymer prepared at 75 °C with Ti-TAMP showed bimodal molecular weight distribution. The first peak in Figure 6 has weight average molecular weight Transition metal compounds carry out ROP of ε-CL and PO via a coordination-insertion mechanism [26] [27] [28] [29] [30] [31] [32] [33] . For example, the polymerization mechanism of ε-CL can be shown in 
CONCLUSIONS
The result of this study showed that TAMPH and TIMPH were good ligands for modification of Ti and Zr-alcoholates. These compounds were synthesized and characterized by elemental analysis, mass measurements and spectroscopic techniques including 1 H NMR, 13 C NMR and FTIR spectroscopy. Each product was formulated by combination of techniques mentioned above. The prepared Ti-compound having an active alcoholate group was effective as catalyst for the polymerization of PO and ε-CL at mild reaction conditions. The structures of polymers were characterized by spectroscopic techniques and gel permeation chromatography (GPC).
